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I.  Studies  in  the  Distribution  of  Protein  in  the  Sea  Urchin  Spicule 

The  presence  of  proteins  associated  with  the  CaCOj-containing  bioctystals  found  in 
a  wide  variety  of  marine  organisms  is  well  established,  hi  tfiese  organisms,  including  the 
primitive  skeleton  (spicule)  of  the  sea  urchin  embryo,  the  structural  and  functional  role  of 
these  proteins  either  in  the  biomineralization  process  or  in  control  of  the  structural  featares 
of  the  biocrystals  is  unclear.  Recently,  one  of  the  matrix  proteins  of  Ae  sea  urchin  spicule, 
SM30,  has  been  shown  to  contain  a  carbohydrate  chain  (the  1223  epitope)  that  has  been 
implicated  in  the  process  whereby  Ca^^  is  deposited  as  CaCOj.  Because  an  understanding 
of  the  localization  of  this  protein,  as  well  as  other  proteins  found  within  the  spicule,  is 
central  to  understanding  their  function,  we  undertook  to  develop  methods  to  localize  spicule 
matrix  proteins  in  intact  spicules,  using  immunogold  techniques  and  scanning  electron 
microscopy.  Gold  particles  indicative  of  this  matrix  glycoprotein  could  not  be  detected  on 
the  surface  of  spicules  that  had  been  isolated  from  embryo  homogenates  and  treated  with 
alkaline  hypochlorite  to  remove  any  associated  membranous  material.  However,  when 
isolated  spicules  were  etched  for  2  min  with  dilute  acetic  acid  (10  mM)  to  expose  more 
internal  regions  of  the  crystal,  SM30  and  perhaps  other  proteins  bearing  the  1223 
carbohydrate  epitope  were  detected  in  the  calcite  matrix.  These  results,  indicating  that  these 
two  antigens  are  widely  distributed  in  the  spicule,  suggest  that  this  technique  should  be 
applicable  to  any  matrix  protein  for  which  antibodies  are  available. 


II.  Studies  on  the  Role  of  Sea  Urchin  Done  Morphogenetic  Protein 
(suBMP)  in  Differentiation  of  Spicule  Forming  Primary  Mesenchymal  Cells 


On  going  work  in  our  laboratory  has  shown  that  suBMP,  a  bone  morphogenetic 
protein  1  family  member,  is  the  homolog  of  the  Drosophila  embryonic  patterning  gene 
tolloid.  Resequencing  of  the  3’  end  of  the  suBMP  cDNAs  has  revealed  an  extended  open 
reading  from  with  high  homology  to  human  and  murin  tolloid  homologs.  Recent  studies  in 
the  laboratories  of  Darwin  Prockop,  Daniel  Greenspan,  and  Effrat  Kessler,  have 
demonstrated  that  both  human  bone  morphogenetic  protein  1  and  human  tolloid  act  as 
procollagen  C-terminal  proteinases,  releasing  the  C-terminal  propeptide  from  procollagen. 
This  proteolytic  processing  event  is  necessary  for  the  deposition  of  collagen  fibrils.  We 
have  been  able  to  demonstrate  the  existence  of  a  procollagen  C-terminal  proteinase  (PCP) 
activity  in  5.  purpuratus  extracts  containing  suBMP.  This  PCP  activity  is  heat  labile,  and 
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demonstrates  time  dependent  cleavage.  Current  studies  are  underway  to  determine  if 
recombinant  suBMP  has  PCP  activity. 

Previous  studies  in  our  lab  and  others  have  demonstrated  that  appropriate  collagen 
processing  is  necessary  for  gastralation  and  spiculogenesis  to  occur  in  the  developing  sea 
urchin  embryo,  as  well  as  for  calcium  carbonate  deposition  into  growing  spicules  in 
primary  mesenchyme  cell  culture.  Disruption  of  collagen  hydroxylation  or  crosslinking 
blocks  spicule  growth.  SuBMP  may  also  play  an  important  role  in  this  process.  By 
removing  the  C-terminal  propeptide  from  triple-helical  procollagen,  the  collagen  triple  helix 
is  rendered  insoluble,  and  can  be  deposited  into  growing  collagen  fibrils.  If  suBMP  is 
responsible  for  the  PCP  activity  in  S.  purpuratus,  then  its  function  will  be  essential  for 
collagen  deposition  and  therefore  sea  urchin  development. 
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